Ovarian function is important to measure in patients receiving cancer treatments that desire future fertility. Patients with cervical cancer, which affects women of child-bearing age, may be interested in how receiving treatment for the cervical cancer will affect their fertility. Depending on the type and stage of the cancer, women have different options on how to treat the cancer, including radiation, surgery, and chemotherapy. When indicated, radiation therapy carries the risk of ovarian failure in patients wishing to preserve fertility. Ovarian function is measured using hormonal markers and ultrasound markers. Hormonal markers include follicle stimulating hormone (FSH), lutei nizing hormone (LH), estradiol, progesterone, inhibin and anti-Müllerian hormone (AMH). It has been shown that in ovarian failure following radiation FSH and LH levels are increased; estradiol is increased; inhibin B is decreased; AMH is decreased. Ultrasound markers using color Doppler and 3D ultrasound include the resistance index (RI), pulsatility index (PI), vascularization index (VI), flow index (FI), vascularization flow index (VFI) as well as measurements of antral follicle size and count. New developments in ultrasound technology allow us to more reliably than ever assess ovarian function while undergoing radiation treatment.
INTRODUCTION
Based on the most recent cancer statistics review (Surveillance, Epidemiology and End Results Program-SEER) of the National Cancer Institute, cervical cancer in North America has an incidence of about 5.7 per 100,000, in women mostly of child-bearing age.
1,2 About 4,000 Americans die of cervical cancer each year. Prevalence of cervical cancer is statis tically increased in areas of socioeconomic disparity, and cervical cancer is most prevalent among Hispanic females, a demographic that commonly lacks routine healthcare screenings. 3 Standard treatments for all stages of cervical cancer may involve extrafascial hysterectomy, radical hysterectomy with pelvic lymphadenectomy or chemosensitizing radiation. 4, 5 Treatment options will depend on the patients age, suitability for major surgery or patient preference. 6 In a subset of patients wishing to preserve fertility (i.e. future surrogacy), those undergoing radiation therapy may choose ovarian transposition and oophoropexy in order to reduce the risk of ovarian failure. Some studies have shown laparoscopic trans position to preserve normal ovarian function in about 88% of women undergoing pelvic irradiation. 7 However, some women opt to begin radiotherapy without undergoing a surgical procedure. Ovarian failure is one of the risks of receiving radiation therapy to the pelvis due to the destruction of the oocyte pool, also known as ovarian reserve, by the radiation. 8, 9 Radiation exposure greater than 24 Gy can cause premature ovarian failure 10 and the amount of radiation to cause oocyte depletion is inversely related to the patient's age at the time of therapy. 11 Some studies have demonstrated that as little as 9 Gy can cause premature ovarian failure. 9 However, the cervix is exposed to 25 fractions of around 2 Gy per day for a total of approximately 50 Gy over the treatment. 12 Depending on the inverse square of the distance from the radiation, the exposure to radiation may make future preg nancy less probable, but not impossible.
9,13

HORMONAL MARKERS OF OVARIAN FUNCTION
In women with normal ovarian function, the menstrual cycle occurs regularly on a monthly basis. The hypothalamicpituitary-ovarian axis is stable, with the gonadotropin stimulation of ovarian hormones occurring in a feedback loop, with the gonadotropins, follicle stimulating hormone (FSH) and luteinizing hormone (LH), initiating a reactive change in levels ovarian hormones, estradiol, progesterone, and inhibin. 14 The ovarian changes during the menstrual cycle depend on FSH and LH secreted by the anterior pituitary gland. The levels of sex hormones cycle up and down between the follicular phase and the luteal phase, with ovulation occurring in between. In the follicular phase, FSH and LH levels increase slightly which leads to proliferation of granulosa cells and theca cells, which will lead to increased production of estradiol (levels of which are higher than that of progesterone) as well as development of the follicles. Immediately prior to ovulation, the levels of LH increase markedly, and this spike leads to release of the oocyte; the LH spike will also change the granulosa and theca cells to lutein cells primarily serving to produce progesterone, making progesterone levels rise higher than estradiol for the duration of the luteal phase.
15
The ovaries also produce anti-Müllerian hormone (AMH) whose levels are independent of the gonadotropin levels; 14, 16 AMH levels vary minimally throughout the menstrual cycle, slightly increasing during the luteal phase.
17
AMH is secreted by granulosa cells of preantral and antral follicles, mainly from follicles measuring less than 6 mm in diameter. 18 Other studies have shown that follicles 5 to 8 mm in diameter produce an estimated AMH levels decrease as the development of follicles progresses; therefore, AMH levels can predict a woman's ovarian reserve. Some studies have shown that AMH is the most reliable hormonal marker in predicting ovarian reserve as it relates to ovarian response in the context of in vitro fertilization (IVF).
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Menopause is defined as the permanent cessation of menstrual periods, defined as 12 months of amenorrhea without a separate organic cause. Of the hormones involved in the menstrual cycle, follicle stimulating hormone levels have been reliably used to measure the STRAW (stages of reproductive aging workshop) stage of ovarian function as women approach menopause. 20, 21 During the perimenopausal period, FSH levels increase as declining levels of inhibin are no longer able to maintain the negative feedback. 22 Follicular phase FSH levels will increase from around 20 IU/L in child-bearing years to around the 70 to 100 IU/L range after menopause. 23 Premature ovarian failure, like that which may be caused by radiation therapy, will demonstrate similar physiologic changes as in menopause at an earlier age. One study demonstrated that childhood cancer survivors following radiation therapy had a significantly increased early follicular phase FSH levels compared to controls of similar age. 24 Ovarian function can be quantified by measuring gonadotropins FSH and LH as well as estradiol, antiMüllerian hormone, 16 and inhibin B. In cases of premature ovarian failure following radiation therapy, FSH and LH levels are increased; estradiol is increased; inhibin B is decreased; 25 AMH is decreased.
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ULTRASOUND MARKERS OF OVARIAN FUNCTION
Pelvic sonography can measure ovarian function by visualizing the follicles to determine the follicle count. The size of the ovary can be quantified as well. In post-radiotherapy patients, both ovarian size and follicle count are decreased.
Transvaginal ultrasound is considered the most reliable method for monitoring the follicular growth and detection of ovulation. 27 Addition of color Doppler enables visualization of the extrinsic and intrinsic ovarian vascular changes throughout the menstrual cycle (Figs 1 and 2) . Follicular blood flow can also help, to determine the timing of ovulation in the menstrual cycle. 27 The basic structural information provided by conventional scans in the longitudinal and transverse plan can now be augmented by the use of three-dimensional (3D) ultrasound systems that provide additional views of the coronal plane, which is parallel to the transducer face. The computer-generated scan is displayed in three perpendicular planes which allow precise estimation of the ovarian volume. 27 Transvaginal two-dimensional (2D) and 3D sonography with color flow mapping can assess the ovarian function by measuring the ovarian size and volume, visualizing the number of antral follicles to determine the follicle count and evaluating the quality intraovarian perfusion (Fig. 3) . In postradiotherapy patients, both the ovarian size and follicle count are decreased, and intraovarian blood flow signals are usually absent (Fig. 4) . During reproductive years, the ovary volume determined by ultrasound is relatively stable. The mean ovarian volume is above 6 cm 3 in reproductive-aged women; in the peri menopausal period, the ovarian volume is about 4.9 cm 3 ; while after menopause, the volume is significantly decreased to around 2 cm 3 . 28 In a study of cancer survivors that had undergone vessels. In ovulatory women during the periovulatory period, there is a progressive reduction in vascular resistance of the perifollicular vessels (see Fig. 1 ). In addition, the blood flow velocity increases significantly 24 hours before follicular rupture and remains elevated during the entire luteal phase (see Fig. 2) . 30 There is a relationship between the age and decreased Doppler indices for ovarian stromal vascularity and blood flow, 31 which in turn correlates to a decrease in the number of antral follicles. 32 Three-dimensional power Doppler ultrasound can objectively measure intraovarian vascularity by expressing the vascularization index (VI), flow index (FI) and vascularization flow index (VFI). Vascularization index represents the percentage of blood vessels in ovaries using the percentage of color voxels (three-dimensional equivalent of pixels) among total voxels in the volume of interest to represent the areas where blood vessels are present. The value of color of those voxels corresponds to the intensity of flow, and the mean value of the colors is used as a flow index. Furthermore, multiplying the VI and FI produces a vascularization flow index. 33 One study showed the annual decrease in total ovarian VI is around 0.18% using a linear regression model. 31 Another study showed that undetectable blood flow to ovarian stroma was significantly related to a low ovarian reserve; 9/15 women with low ovarian reserve compared to 1/17 with good ovarian reserve showed undetectable flow.
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New developments in three-dimensional ultrasound are able to reliably quantify the number of follicles as well as the volume of those follicles. 35, 36 While a decrease in ovarian volume is related to aging and decreasing ovarian function, the antral follicle count is the quantification study of choice to measure ovarian function. 37 The size and number of antral follicles declines with age, consistent with the decreasing the radiation, mean ovarian volume was measured at 3 cm 3 in the cancer survivor group vs 5 cm 3 in the control group. 24 The use of color Doppler ultrasound facilitates detection of the intraovarian vascularity and enables objective analysis of the vascular impedance to assess ovarian function and events in the menstrual cycle. 29 The ovary has a dual blood supply: the ovarian artery and the utero-ovarian branch of the uterine artery which eventually anastomose with one another. These vessels pass through the medullary portion of the ovarian stroma toward the cortex where they create a vascular bed surrounding the follicles. It is possible to visualize the anatomic changes in these vessels via color Doppler, during both the follicular and luteal phases of the menstrual cycle. 27 Color Doppler is a useful modality to visualize the intricate ovarian vascular system and assess the vascular resistance of the perifollicular and corpus luteum DSJUOG ovarian volume. 38 Smaller antral follicles may be indicative of a decreased amount of the remaining primordial follicle pool in women approaching menopause. 39 Furthermore, menstrual cycle-dependent changes are more likely to affect the counts of the larger (> 6 mm) follicles yet minimally affecting the counts of the smaller follicles. 17 As mentioned earlier, follicles less than 6 mm in diameter are associated with AMH secretion and the amount of those follicles is predictive of the oocyte reserve.
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CONCLUSION
By applying the knowledge of ovarian function as it relates to premature ovarian failure, we can potentially use the ultrasound markers to assess immediate effects on the ovary following pelvic radiation therapy for cervical cancer. New measures of ultrasound imaging can provide reliable data on how the ovary is immediately affected by the radiation which may allow us to prognosticate future fertility of cervical cancer patients undergoing radiotherapy.
